within a subclass in terms of receptor/ligand binding
specificities. The ligands in one subclass (referred to
Thus, the role of PDZ-containing proteins can be extended to the clustering of receptor tyrosine kinases as the ephrin-A subclass) are linked to the membrane via a glycosylphosphatidylinositol (GPI) linkage, while and their ligands, perhaps recruiting them to macromolecular complexes that include additional membrane the members of the other subclass (referred to as the ephrin-B subclass) are transmembrane proteins; ephrin-A components, such as neurotransmitters or ion channels. Our findings provide for a new modality of regulated ligands preferentially bind to receptors of the EphA subclass, while ephrin-B ligands preferentially bind to resignaling in such complexes and also suggest that Eph receptor tyrosine kinases may play as important a role at ceptors of the EphB subclass (Brambilla et al., 1995; Gale et al., 1996a Gale et al., , 1996b to the VKI C termini of the GluR2 and GluR3 subunits Consistent with important roles for receptor and ligand of the AMPA receptor, which are known to interact with clustering, Eph receptors have been visualized on develthe synaptic protein GRIP, which contains seven PDZ oping neuritic processes by electron microscopy, redomains (Dong et al., 1997), while the YKV consensus vealing clustered receptors at points of process contact was most similar to the YYV C termini of the neurexins, (Henkemeyer et al., 1994) . It thus seems likely that regualso known to be PDZ binders (Hata et al., 1996) . Examilated processes involved in localizing and clustering Eph nation of the cytoplasmic tails of other receptor tyrosine family receptors and/or ligands are crucial to ensure the kinases revealed that ending in a VXV consensus was signaling processes required for the biological prothe exception rather than the rule ( Figures 1C and 1D ). cesses in which the Eph family is involved, such as in Remarkably, the MuSK receptor tyrosine kinase, which repulsive interactions between neuritic processes duris localized to the NMJ and is critical for its formation ing axon guidance or during the establishment of bound-(Valenzuela et al., 1995b; DeChiara et al., 1996; Glass aries between neighboring cell compartments in the neret al., 1996), has a similar C-terminal motif that is convous system or the vasculature (Gale and Yancopoulos, served from man to torpedo fish ( Figure 1C We next focused on the VXV tails of the Eph receptors their ephrin-B ligands contain consensus C-terminal to see if they could indeed bind to PDZ domains by motifs reminiscent of those binding PDZ domains. We screening for such binding using the yeast two-hybrid further identify PDZ-containing proteins that can specifisystem. Baits were generated that encoded the C termini cally bind and cluster both Eph receptors and their liof mouse EphB2 (the last 96 residues) (Henkemeyer et gands in heterologous cells and that are tyrosine phosal., 1994) or rat EphA7 (the last 98 residues) (Valenzuela phorylated upon association with the Eph receptors. We et al., 1995a), fused downstream to the LexA DNAalso show that such interactions can be detected in binding domain; corresponding "control baits" were vivo, suggesting that PDZ-mediated clustering may be generated in which the last 3 residues (either VEV or important for previously defined developmental roles of IQV; see Figure 1A ) were deleted. The first two baits the Eph family in neural guidance and tissue patterning.
were then introduced into the L40 double reporter (yeast Interestingly, we find that Eph receptors and ligands can HIS3 and bacterial lacZ genes) yeast strain and utilized be colocalized with PDZ-containing proteins at neuroin two-hybrid screens with a mouse embryonic day 11 nal synapses, suggesting a new role for these developmentally important molecules during synaptic plasticity.
(E11) cDNA library that was fused in-frame downstream Similarly, coexpression of GRIP with its potential partphosphorylated when in complex with EphB2 nor that PICK1 was tyrosine phosphorylated when complexed ners in COS7 cells demonstrated coprecipitation, and thus complex formation, with the EphB2 and EphA7 with the ephrin ligands. Thus, at least some PDZ-containing proteins become tyrosine phosphorylated when receptors as well as the ephrin-B ligands but not with a variety of control receptors ( Figure 3D and data not complexed to receptor tyrosine kinases. shown). Confirmation of specific interaction between syntenin and EphA7 and ephrin-B1 was also obtained Kim et al., 1995 Kim et al., , 1996 . We thus performed similar experiments using Eph receptors, ephrins, was tyrosine phosphorylated upon its association with the EphB2 receptor. Indeed, levels of PICK1 tyrosine and PDZ-containing proteins. When PICK1, EphB2, and ephrin-B1 are individually expressed in COS7 cells, a phosphorylation precisely correlated not with the levels of its expression but only with whether it was associated diffuse staining pattern is detected for all three proteins after visualization with TR or FITC-coupled secondary with EphB2 ( Figure 3A , lane 2; note that levels of PICK1 tyrosine phosphorylation correlate not with PICK1 proantibodies ( Figures 4A, 4B, and 4C ). When PICK1 is coexpressed with either EphB2 or ephrin-B1, dramatic tein levels but with association with EphB2). Comparable experiments did not reveal that GRIP was tyrosine coclustering is observed ( Figures 4D and 4F ), though in 
PICK1 Induces Clustering of EphB2 and Ephrin-B Ligands (data not shown). Our efforts to identify PDZ interactions for Eph family members was inspired by observations that Eph recep-

